Component Growg:

SSME FMEA/CIL
REDUNDANCY SCREEN

Pretrmatic Cantroly

Freqarad: P. Lowrimgro
CIL larn, cann-0r Approved: T. Hguyen
Compenent; Preumetlc Santral Azse mbiy Approval Date: &1
Part Humber ROMH 950 Change & 1
Failure Mode: Inzufficlent ur na nitrogen purge flow during propetlant cotgitlionlag. Olrgethne ¥- CCal MEX-M-5213
Fate: 1 af 1
Critlealiy
Phase Fai'ure f Efect Descriplion Hazard Reterence
Ps Ruduoed niiogen flaw causes nes of aridiza: dame Aurga. Moislura pot clearsd, oe formed. LOX orifices block CAUS Mg combeelron 1
41 within the posl posl burn theough and edensive ergsien durng start. Uncontained engine danage, Reduced Aow causes ks of ME.CTE,
inerradiate seal purge. Maislure ned claaned, oo formed durbig propelian drop lce damages HPDTF intermediale sl seal faik, LON ME-2 14,
ard hot-fubdte gases mix, uncanialned engine damaga duntg starl. Loss of purpe reduces the purge: flow below seceptabte Fmils Tor ME-A1P,
nertihg propedlant leakaga at KR fimits. Patantial opan aff fre. Loz of vekole, ME-B45
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Rerunadaney Soreens: SINGLE POIMNT FAILURE: Hia
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SSME  ZA/CIL

DESIGN
Cothpanant Group: Prewmatic Cgntrols Preparad: P. Lowrinore
ZIL Item: C2a00-07 Approved: T. Nguyen
Companranl: Pnzumatie Contral Assembly Approvat Cat: #5219
Par Humber: RHI18450 Change & 1
Falture Moda: Insufficlent ar no mitmogen purge Aow during prepeifant eondilloning. Direct| s p- COBD ME3.01-5213

Pape; 1al 1

Design / Docnment Referanc.a

FALURE CALSE: : PCA component Failura: PCA Inlet nitragen Niler bloeked or restrictad,

' PCA companert failure: HPGTP intermed|ate s9al purgo control oriflce bictked or restricted,

: PCA comipanent fallure: MCC nxlglzer dume porgs tantrel adfles blocked or rastrgied,

* Oxidizer zystam purge pressure activated vaive Ballure; Conlo| cavity s2al leakapa dua to: Contarnation,

! Dxldbzer system purge prassura activated valve Talture: Contrai cavlly smal laakage due n: Flow passage Mocked.

s Chlgllzer #ystem purge pressure activatad valva Failura: Yant nport poppetfzeal teakage due 1o: Contaminatian.

Az Onldizar sysien purge praseure actvated valva fatlure; Vent port poppet’saal leakaga due 10; Damaged quida {zontaminatian Jammed betomen guldes, plstan, and
body b,

DETAIL PARTS AHD TEST FIXTUHES ARE CLEANED (1) FRIOE T AGSEMELY {2). ASSEMELY AND TEST ARE PERFORMED 1M A CLEAN RO 13} LUBRICANTS ARE MOT ALLOWED
FOR ASSEMBLY OR TERT [2). SOMMONENT LEVEL TEST FLUIGS ARE MITRINGEN ANDH HELILKW WHIC! TMEFET THE HARDWARE CLEANE IMESS REDUIREMENTS {10, THE COMPONENT
FARTS AND SUBASSERBLY ARE FREE OF VISIELE SORENGN PARTICLES AT THE TIME OF ASSEMBLY {2). AT THE ENGIME LEVEL, A 15.MICROM FILTER IN THE PMELMATIS BONTROL
MAEBEMBLY (4) ENSURES THAT CONTAMINANTS LARGER THAK 154010 RONS \WILL EE REMOVED. THE FRESSURE ACTUATED WALVE {5) INCORPQRATES TEFLOM GUINES WHICH
FREVEMT METAL-TD MCTAL RUBBING AMD METAL PARTICLE GENERATION. THESE DESIGH FEATURES FREVENT (GENERATION OF RETALLIC PARTICLES [H THE MM ECIATE ARES
DF THE FISTON OR SHAFT, THE L0 OF THE PISTON ASSEMBL YASHAET FREC! UDES THE PFOESIBILITY OF COCKING 1N TIIE EVENT THAT METALLIC PARTICLES FROM AMDTHER
SOURCF GET M| O THESE AREAS, THE PARTIGLES BECOME IMBGEDCED 1M THE TEFLGH SLEEWE FHIS PHEVEMTS GALLING AMD JAMMING

:I::::mpﬂ}

CHRLYM0T: 42} ALOQZ36 RLOO34? (30 ROD7I1-600, {4) RO 8430, [5) ROO1 1340, RSOAAD21

FAILURE CAUSE: B:PCA componenl fallure: PCA paidizer syslem bursd dlaphragm ruptyrad,

THE FCA BURZT DIAFHRAGI {11 15 MADE FROM 1100-0 ALURMIMUR &LDY. WEIGHT, WELDABILITY, AND PRECISTABLE RUPTURE CHARAC TERISTICS OF T00-0 ALLRAINUM ARE THE
PRIMARY REASOMS FOR SELECTIMNG THIS ALLCY AS PART OF THE BUHST CIAPHRAGH ASEEMBLY (3} I ADDITION, THIS MATERIAL EXHIBITS CORROSION RESISIANCE ANMO
RESISTAMCE TO 5TRESS CORROSION CRACKIMNG [2) AT THE EXPOSLURE TEMPERATLURE RANGE. CHEMICAL FILM COATING IS USEN FOR ADDITIOMNAL FROTECTION FROK SEMERAL
CORROSICH (1),

(1) RES156E. 123 AS5-A582-6, NSFG-SPEC-522

FAILURE CAUSE:  F: Oxidizer system purge prascura aetivated valve Fallure: Coanirgl cavily saalleakaga dug to: Daragedidafectve saeal,
I: Duidizer aystem purge pressure activated valve failure; Yent Port popped/seat leakage due 1o Damaged/dofeative scaling surface.

THE FOPPCT 15 MADE FROM 303F CRES ({). GOCOD MAGHINABILITY, WHEN COMEARED WITH OTHER J00-ZERIES CRES ALLOYS, IS THE PREVMRY REASDN FOR SELECTING 203F
CRES THE MATERIAL IS CORROSION RESISTANT AME, 1N THE APPLICATIONS LISTED, PROVIDES SUFFICIENT STRENGTH. 307F IS USED |1 A WORK-HARDEMED CONCITION T
ACHIEVE WEAR RESISTANCE. THE CAP IS MaDE FROM 7075-TES1 ALUMINUM ALLOY {23 WEIGHT, STREMGTH AND RESIZTANCE T 5TRESS LORROSION CHADKING (33 ARE THE
PRIMARY FEASOMS FOR USIMG T075-T551 ALUMINUR ALLOY. THE MATERIAL 1S COMPATIBLE VWITH ALL OF THE USAGE EMVIROMMEMNTS AT THE ANTICIPATED TEMFERATURES. IT
1§ 3OLUTIIN TREATED AND AGED, AMD PROVIDES HNGH TEMSILE STRENGTH AND YIELD {3} THC SEAL id} 13 MADE FROM KEL-F_WHICH EXHIRITS coon EEALING CAPABILITY ANE
WEAS CHARACTERISTIZE {3) THE GONTROL CAVITY SEAL (3115 MADE FROM TFE TEFLON. 1T WAS SELECTED FOR \WEAR RESISTANCE AHD LOW GOEFFICIENT OF MRICTION 13k

1y RECEE0Z7, (2 RI0OB00 (1) MSFC-SPEC-522. RSS5-B532-6: (4] RECMA0ZA, (f RES1355 '

FAILURE CAUISE.  ALL CALSES

THF PHELMATIC CONTROL ASSEMBLY HAS SUCCESSFULLY PASSED DESIGH VERIFICATION TESTING [1]. \'WHICH INCL.LIDED PRESSURE TEETING [2), PRESSURE CYOLING [ a0
WIBRATION TESTING (4, HIGH CYGLE ANL LUV CYCLE FATIGLE, ANG THE MINIMUM FACTORS OF SAFETY FOR THE FCA, MEET CEI REQLIREMENTS {5} THE ECA WAL CLEARED
FOR FRACTURE MECHANICE/NDE FLAW GROWTH, SINCE IT GONTANS HO FRACTURE CHITICAL PARTS {5} THE DESIGH HAS BEEH FLIRTHER VERIFIED BY YALVES BEIMG PEMOVED
FROM ENGINE C10F AND CHSASSEMAL EN. THE VALVE SHOWED MO DECRADATION DR WEaR DF DETAIL PARTS (7).

11 DW5-SSME-SI0 (2FRES-H10.48 (3 RS5-610.51; 4) RES-590-50; |5 RLOGSIZ. CPIZORIO0ZE, RSS5-8546, {GFNAZSH TASK {17 (7] ESME-S30230



SSNE FMEAICIL
INSPECTION AND TEST

Companant Group: Frneumaile Controds

Preparad: P, Lawrimorn
CIL lbem: C200.07 Approved: T. Nauyen
Compancnt: Fnevmatic Cartrot Assembly Approval Datg: Gr 289
FPad Humber; ROGT 3450 Changea ¥: 1
Failura Mada: Insutficlent er na nilro gen purge Nuw during propeltant comditio ning. Oirective #; CCBD MEL]1-5211
Papga: 1ol
Felure Causes ' Signitizanl Characleristics fnsneed onfs} i Tests) Docuren] Palarenoe
ALCDEGHJ FILTER RES102g
FRESSURE AC1UATED RS00ER21
VALWE RODT945 0
PHELIMATIC CONTRE.
ABBEMBELY
CLEANLINESS OF THE PNELRAAT I CONTROL ASSEMFBLY AND THE PREESLIRE ACTUATED YVALVE ARE CLEANED T RL100G1
COMPDMENTS CXYGEMFLUEL SERVIZE PER SPEGIFICATICN ARND PRAWING REQIUIREMENTS. ROOI2450
REM0E021

6L-2

DURING ASSEMBLY (3F THE PRESSURE ACTUATED VALVE THE ACT UATION ANE DEACTLUATECN RLOGA4 7
QPERATION AND EEALING ARE YERIFIED, OPERATION OF T HE WA LWE WERIFIES NO
CONTAMINATION DLOCKAGE (K MOATHIG PARTS,

FILTER [MIEGRITY FILTERS ARE INEPECTED TO WMEET FLOW AMD FILTRATION REQUIREMENTS PER SPECIFICATICN. RC1000
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Compone i Preumatlc Contrals

Prepared: B, Lowrdr
CIL Itremy: C200-07 Approved: 1. Hguyet,
GOmpenent: Frieumatic Conlral Assemhly Approval Dals: 512190
Part Humls;r: R0 9450 Change #; 1
Falfure Moda: Insuficlard ar na nitrogen purge How dutlng propeliant conditioning. Diragtive ¥: CCBD MEJ-1-5213
Fager. rota
Finire Canges Significart Characlaris|es nspecl-onis) ¥ Tests) Decumenl Raleqe jou
AL DEGH FILTER [NTEGRITY FILTERS ARE INEFFCTRED TO MEET FLOW AMD FILTRATION RECUIREMENTS PER SPECIFICATION,  FCig90
O GURST CIAPHRAGKM RES1356
PRATERIAL INTEGRITY MATERIAL INTECRITY 15 VERIFIED PER DRAWING RECUIREMENTS,
MATERIAL 15 PROTECTED FROM GFHERAL CORRGSICMWITH & CHEMICAL FILM FER DRAWING RES1 358
REQLIREMENTS. RA1E0G 204
WELD INTEGRITY WELDS SRE INSFPECTED TO BIRAWING AND SPECIFICATION AEQUIREMENTS PER WELR CLASE, RL12011
INCLUDIMG RA0115.~05
MASSE SFECTROMETER LEAK TEST.
ASSEMALY TESTING AFTER A PRODLKCTIOM RUN 1S STARTED, CVERY SIXTH DIAPHRAGM |5 TESTEDUNTIL AT LEAST B0 RILOM1t
SERVICEABLE DINPHHAGINMS ARE COMPLETEDN, WHEREUPON EVERY ELEVENTH MAPHRAG M
COMMED 13 TESTED
FOR TriE DURATION OF THE RUN,
e PORFFET RSNORNIZ
CA8 (WVERT SEAT) RE00G233
SEAL RS00BI28
BEAL RES 1355
PR BOOY RSHBI11
MATERIAL INTEGRITY MATERIAL INTESRITY IS VERIFIED FER ORAWHNG REQUIREMEMTS,
SEAlING SUFACE FINSHES ARE INSFECTED PER DRAWING REQUIREMENTS, RS00B027
RS00a030
RE008028
RE0CEDT
ALL CALSES PHEUMATIC COMTIROL ROD1%450
ASSEMBLY



Camponenl Group: Preumatis Gontrala Preparad: P. Lovwwrimora

ClL Iem: C-07 Appraved: T. Mguyen

Campeoant: Freumalic Contral Agsambly Approval Data: LYy ]

Part Numbar: RO01945) Chatige #; 1

Fallure Maode: Insufficient ar no mlirogen purge flow during propellan] condidoning, Diractive #; CCBRD MEA.04.524]

Pxge: 1af 3
Fafure Caures Swnifican! Chararctarislice fnspeclion(s] t Teslds) Hacumenl fefaence
ALL CALIZES AEESEMELY TESTING THE FOLLOAMING 1ESTS ARE PERFORMED DURIHG ASSENELY AKND FLNCTIORAL TESATING OF THE

FHELMAATIC RLCO244
COMNTROL ASSEMBLY: RLED2AY
- SEAT LEAKAGE |3 WERIFIED TO BE YWTHIN SFECIFICATION FOR BOTH ACTUMTED AMD #Lao72=4

CEANTUATED OPERATION.
-ASSEMBLY CPERATICN IS VERIFIED 8Y TESTING EACH FUNC TIOH OF THE PNELUMATIC: CONTROL
ASEEMBLY.
= ASSEMBLY FUNC NOM 15 VERIFIEN BY INSPECTION OF THE FLOW AATE AND PRESSURE DLIRING
FLOww
CHEGH.
HOT-FIRE ACCERTANCF PHEUMATIC CONTROUL ASSEMBLY OPERATION IS VERIFIED THROUGH HOT-FIRE ACCEPTANCE RLIH)451
TESTIMG TESTIMG.
{GREEN R

FLIGHT FLOW TESTING NITRQGEN FURGE 5¥STEM OFERATION IS WERIFIED EACH FLIGHT FLOW BY PERFORMING THE
FOLLOWING QMRED REQUIRBEMCNTS;

-PROPELLANT SYSTEM DRYING, OMRED V4 CEI.0ED
= DRYHNESS VERIFICATION, QMRS0 VIt CBO.081
- GRIOIZER S'YSTEM PURGE. (LAST TEST) OMRED S0RFB0. 30

LZ-3

Fatare H zlem Comprelanaive laure histary data I3 traintained i+ the Prob'en Reportirg database [PRAMSIPRACA)
Referacce NASA leiber SAT 130508 and Rockaldyne leller ARRGAZTET
Cpa-al coal Usa Mot Appllcable,



